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4

The human head consists of the skull, brain, eyes, teeth, and the facial muscles and skin.

What is a good estimation of the weight of the head of a typical aduft?

A 10kg B 30kg C 50kg D 7.0kg

A car driver steps down on the accelerator when thetraffic lights go green.The force on the car
varies with time asshown, with time ¢ = 0 as the moment when the traffic lights go green.

force

i

L
0 time

Which of the following graphs best represents how the displacementsof the car varies with

timef?
s 5 B
>t J/ :t.
s D
| l/ >t

O
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3 A stone is thrown vertically upwards in a medium in whichthe viscous drag cannot be
neglected. If the times of flightfor the upward motion ¢, and the downward motion, (toreturn to
the same level) are compared, which of the following statement is corrent?

A t<t,because at a given speed the net acceleratingforce when the stone is moving
downwards is greaterthan the retarding force when it is moving upwards.

B  tr<f,because the stone is moving with the greatest speed at the moment of projection
and so greatest effect of the viscous drag.

C ty =i, because viscous dragalways opposes motion and so will affect motion of the
stone with the same effect whether the stone is moving upwards ordownwards.

D t>t.because at a given speed the net acceleratingforce when the body is moving
downwards is smallerthan the retarding force when it is moving upwards,

4 A ball falls vertically on to a horizontal surface. The momentum of the ball just before it hits
the surface is mv. '

e

The ball collides inelastically with the surface and rebounds from it.

What is a possible value for the magnitude of the change in momentum of the ball from just
before until just after contact with the surface?

A 0.25mv
B 1.0mv
C 125mv
D 20mv
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5 A small plastic bullet of mass mis fired horizontally into asuspended block of wood of mass M
and becomes embedded in the block, which rises upas shown in the diagram below.

Which of the following statements regarding the bullet and the wooden block is correct?

-
2| ] el dtance moved

A The total mechanical energy of the bullet and block is conserved because they move
with the same velocity after the coilision.

B  Thegravitational potential energy gained by the block is equal to the loss in kinetic
energy by the bullet.

There is heat produced in the collision because the collision is inelastic.

D The total horizontal momentum of the bullet and block is not conserved because there
is a resultant horizontal force acting on them.

6 In which situation could the pair of forces applied to the rigid bar produce a couple?

A B F
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A balloon of mass 15.0 g is filled with helium to a volume of 4.50 m® and attached tothe
ground via a light elastic cord of constant k = 80 N m™. The wind blows on the balloon such
that the elastic cord makes an angle of 60° to the ground. Density of air is 1.29 kg m™ and
density of helium is 0.180 kg m™.

What is the extension of the elastic cord when the balloon is at equilibrium in the above

position?

A 0615m
B 0650m
C 0705m
D 0750m

An ideal gas undergoes the cycle of pressureand volume changes W—X— Y—»Z—Was shown
in the diagram below.

Pressure / 10° Pa
f'
204 Y > Z

154~

F 3

1.0

1 i .
-
3
05 10 15 Volume/10°m®

e

What is the net work done on the gas?

A

B
c
D

-50J
50J

-150J
150 J

More papers at www.testpapersfree.com
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8

A spring that has natural length of 20 cm takes 5.0 J of work to be stretched by 5.0 cm.

Given that the spring obeys Hooke's Law, what is the additional work required to stretch it a
further 5.0 cm?

5J
104

154
20J

U 0O w >

A straight length of tape winds onto a spooi rotating about a fixed axis with constant angular
velocity, such that the radius of the roll increases at asteady rate.

Which one of the following graphsbelow correctly shows how the speed v atwhich the tape
moves towards the roll varieswith timet?

spool
C—
tape
A Vv B v
o L————i ¢ 0 > §
C vy D v
0 > ¢ 0 >t
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11 The graph (not to scale) below shows how the gravitational potential gof Earth varies with

distance r from its centre, with values of ggiven for three positionsA, B, and C. Mass of Earth
is 6.0 x 10% kg.

potential ¢
1 x107 J kgt

P
»

distance r/im

What are the distances AB and BC?

distance AB / x 10°m distance BC / x 10°m
A 1089 1.1
B |089 1.8
c |89 11.1
D |89 17.8

12 The diagram below shows four possible pathsof a spacecraft moving near the Earth but well
above any influence of the atmosphere.

- axies of
rotation of
Earth

e

Which path is not possible unless the spacecraft fires its rockets as it follows the path?
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13 A student takes some measurements to plot graphs of volume versus temperature for
different amounts of selected gases at 1 atm pressure, as shown in digram below. He
observed that all the plots extrapolate to the same point T.on the temperature-axis, regardless

of the type or the amount of the gas.

Valume at1 atm

Temperature

Which of the following rows are correct regarding T,?

value of T, nature of T,

A |-273.18°C !t is the temperature at which water exists in ali of
its three states.

B |-27315°C it is the temperature at which no more heat can be
removed from a system.

€ (0°C It is the melting point of ice.

D | 27316 K It is the temperature at wlhlch the particles in a
substance becomes motionless.

14 Which of the following statements concerningphase change and internal energy is false ?

A

During boiling, all the heat suppliedcauses both the internal kinetic andpotential
energies to increase.

During melting, all the heat suppliedcauses the increase in internal potentialenergy

only.

The mean kinetic energy of the liquidmolecules at boiling point is about thesame as
that of the molecules whichhave just vaporised.

The mean kinetic energy of the molecules just before and after melting isabout the

same.
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A verticalspring-mass system has a natural period of 1.25 s. A periodic force with frequency of
2.50 Hz is then applied to the system such that it oscillates with amplitude of 1.5 cm and

reaches a steady state. The mass is observed to be at the bottom amplitude position at time ¢
=0. a

What is the speed and direction of movement of the mass after 0.15 s?

speed /ms™" direction of movement
A 0.111 downwards
B 0.167 downwards
Cc 0.111 upwards
D 0.167 upwards

The intensity 7 of a sound at a point P is inversely proportional to the square of the distance r
of P from the source of the sound.

source S~ B Q
of sound &= N

wave -
source r

-y .
0

At point Q, distance 2r from source S, air molecules oscillate with amplitude 6.0 pm. Point P is
at distance r from S.

What is the amplitude of oscillation of air molecules at P?

A 075um
B 1.5um
C  3.0um
D 12.0pm
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17 A speaker connected to a signal generator is placed infront of an open tube of length 1.36 m.

A small microphone is inserted inside the tube. It detects the first position with zero intensity
at a distance of 0.34 m from the end. The microphone is then fixed in this position.

The speed of sound in the tube is 340 ms™.
! 1.36 m

[
e

v

signal
generator

Tl

0.34m

The frequency of the signal generator is now increased until the microphone again detects
zero intensity.

|

What is this new frequency?

A 750 Hz

B 1000 Hz
C 1500 Hz
D 3000 Hz

18 To be able to resolve a grain of green colour sand of radius 50 ym, the maximum distance
that your eye can be positioned is 18 ¢cm away from the grain.

What is the maximum distance for your eye to be able resolve a blue colour grain of sand?

A The new distance is smaller than 19 cm.
B The distance remains the same.

€ The new distance is larger than 19 cm.
D

The blue grain of sand cannot be resolved.
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A pair of equal and opposite charges each of2.0uC is separated by 1.0 m as shown below.

-20uC +2.0uC
‘4 :.
1.0m

What is the magnitude of the electric field strength at themidpoint between the two charges?

A 0vVm’

B 36x10°Vm™
c 7.2x10%m™
D 14x10°%m’

The Earth can be assumed to be a sphere of radius 6400 km where charges are uniformly
distributed on the surface. The figure below shows the variation of the electric field strength E
with the distance r from the surface of the Earth.

The electric field strength E on the surface of the Earthis -100 N C™.

EfNC?

~70 :

I
-75
b1
-80 [
-85 »
w. - “
-90
-95 a
ra
-100
-105 .
0 200 400 600 800 1000 1200

r/km
Which of the following is the electric potential of Earth at 500 km above its surface?
A -225x10°V
B -750x10°V
C  the gradient of the tangent of graph at r = 5§00 km
D

the area between the graph and r axis from infinity to r= 500 km
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21 A circuit is set up as shown below.

A

variable voltage
source

Which of the following -V graphs represent thecurrent through, and voltage across,

points AB?
A I B I
/ >\ -V
c I D I
A A
>V | >V
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A fixed resistorand a light dependent resistor (LDR) are placed in two identical circuits far
from each other. Initially when the circuit is connected, the resistance of the LDR R,pg, the
rheostat Rmesand the fixed resistor R are equal. Assume the batteries have negligible
internal resistance.

Which of the following correctly describes the brightness of L1 and L2 when varyingRecin
both circuits?

oo m>»

Rpe0 increases
L1 is brighter than L2
L1 is brighter than L2
L2 is brighter than L1
L2 is brighter than L1

Rimectdecreases
L1 is brighter than L2
L2 is brighter than L1
L1 is brighter than L2
L2 is brighter than L1

More papers at www.testpapersfree.com
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23 Diagram below shows a plan view of a current carrying rectangular coil in a uniform magnetic
field B. The current in sideP Is flowing perpendicularly out of the plane of the paper, the
current in sideQ is flowing perpendicularly into the plane of the paper.

e
.

Q

» magnetic field B

.

Which one of the following correctly shows thedirections of the forces that act on the sides

ofthe coil?
A B F
%
£

F

C D : F

/
F’
24 In a cross-field velocity selector apparatus, when the magnetic field B is applied at right

angles to the electric field E, ions of charge g and speed v are selected to pass through.

In order to select ions of speed smaller than v, which of the following adjustments should
bemade?

A  increaseq
B increase E
C increase B
D

decrease B
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25 A metal rod is thrown such that it moves in a parabolic path. Along its movement, the metal
rod’s long axis remains perpendicular to the earth’s magnetic field. It can be assumed that air
resistance is negligible, the Earth's magnetic field is pointing downwards and is uniform
throughout the rod's trajectory.

Earth’s magnetic field
- - - iy
7’ ~
-~
~
/ S N
/l e
Y A Y
\
/ \
/ )
Which of the following graphs show the variation of the e.m.f. induced between both ends of
the rod with time?
A e.m.f B e.m.f
A AN
0 time 0 time
C e.m.f D e.m.f.
M A
0 time 0

time
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26 Thea.c.mains voltage supply Vof a certain country is given by the expression
V=141 sin(314H)V.
A device of resistance 200 Q is connected to the mains.

What is the frequency of the a.c. mains, and theaverage power <P>delivered to the device?

frequency / Hz <P>{W
A 50 50
B 50 100
c 100 50
b 100 100

27 The figure below shows the currents observed in a photocell circuit as a function of the
potential difference between the plates of the photocell when fight beams A, B, C and D were
each directed in turn at the cathode.

current/ A
. |

~_potential difference / V

Which of the beams has the lowest wavelengths?

28 The uncertainty in the position of an electron is 43 nm. What is the minimum uncertainty in its
velocity?

A 79ms”
B 80ms”
C 17x10°ms”
D 17x10*ms™
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29 In the Rutherford scattering experiment, most a-particles passed through the foil undeflected.

Which one of the following is a correct conclusion from this result?

A

B
o
D

a-particles were helium nuclei.
The nucleus has a positive charge.
Most of the mass of an atom is within the nucleus.

The diameter of the nucleus is much less thanthe diameter of the atom.

30 A student claims that certain types of radiationcarry enough energy to break bonds between
molecules and ionise atoms, and so0 causes “radiation sickness”.

Which of the following statements with regard to the above ¢laim is correct?

A
B
c

Radiation sickness can be caused bymicrowaves.
lonising radiation can consist of gamma rays, alpha particles and beta particles.

lonising radiation cannot consist of alpha particles and beta particles as these are not
waves.

Radiation sickness can only be caused by human-made radiation and not by natural
sources of radiation.
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Answer all the questions in the spaces provided.

1 The length of a piece of paper is measured as 280 + 1 mm. Its width is measured as 230 + 2 %.
Area A is the area of one side of the piece of paper.

(a) State the value of A and its actual uncertainty to the appropriate number of significant
figures.

{b) The accepted value of Ais 8.00 x 10*mm?Z.
Use your answer in (a) to distinguish between accuracy and precision.
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2 (a) (i} Explain whatis meant by the term work done.

{ii} Hence derive the equation
E=mgh

for the potential energy change of a mass m moved through a vertical distance 4 near
the Earth’s surface.

(31

{b) A typical escalator in a mall rises at an angle of 45°to the horizontal. It lifts people through a
vertical height of 32 m in each minute. 60 people can fit on the escalator and there is a
constant stream of people such that the escalator is always fully loaded. it can be assumed

that all passengers remain standing still while on the escalator and the average mass of one
passenger is 55 kg.

(i)  Calculate the power needed to lift the passengers when the escalator is fully loaded.

[Turn over
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(i) The total frictional force acting against motion of the escalator is 1.5 x 10* N when the
escalator is fully loaded. _

1. Calculate the power needed to overcome the friction.

2. In lifting the passengers and overcoming friction, the motor is only 70% efficient
due to other forms of energy loss. Calculate the power input for the motor driving
the fully loaded escalator.

[Total: 10]
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3 (a) (i) With reference to the first law of thermodynamics, explain why there is considerable
difference in magnitude between the specific latent heats of fusion and vaporisation
for the same material.

(ii) Ethanol has a melting point of -120 °C and a boiling point of 78 °C.The specific latent
heat of fusion is 110 J g™ and specific latent heat of vaporisation is 840 J g'. The
density and specific heat capacity of liquid ethanol are 0.79 g cm™ and 2.4 J g™ K
respectively. '

Calculate the minimum thermal energy required to fully vapourise 2.0 em® of ethanoi
that is initialty at 30 °C.

required thermal energy = ................oo v, J 4]

[Turn over
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(b) Some gas, assumed to behave ideally, is contained within a cylinder which is surrounded by
insulation to prevent loss of heat, as shown in Fig. 3.1.

Fig. 3.1

Initially, the volume of gas is 2.9 x 10° m®, its pressure is 2.6 x 10° Pa and its temperature is
790 K.

{I) The gas expands to a volume of 2.9 x 10 m® and its temperature decreases to 314 K.
Calculate the pressure of the gas after this expansion.

pressure of gas after expansion = ... Pa (2]

(ii) The work done by the gas during the expansion is 91J. Determine the change in the
internal energy of the gas during the expansion.

change ininternal energy = ...............ccc ot J[1]

(ili) Explain the meaning of internal energy, and use your result in (b){if} to explain why a
decrease in the temperature of the gas takes place during the expansion.

[Total: 13]
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4 (a) Defineeleciric field strength and state its S! unit.

...........................................................................................................................

...........................................................................................................................

(b) Two parallel pates are set a distance of 12 mm apart in a vacuum as shown in Fig. 4.1. The
top plate is at a potential of +300 V and the bottom plate is at a potential of -300 V. A proton
is placed in the vacuum and moved by the electric field from plateA to plate B.

+ 300V
A
L 3
12 mm
B [ ]
-300V
Fig. 4.1

(iy On Fig. 4.1, draw lines to show the electric field between the plates.
[l
(ii} Calcuiate the electric field strength between the parallel plates.

electric field strength = ............................ NC'[1]

(i) Calculate the work done by the field on the proton.

work done = .............cocoevee e, J1]

[Tum over
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(c)

10

(iv} State the gain in kinetic energy of the proton.

gain in kinetic energy = ... J[1]

In a classical model of the hydrogen atom, the electron revolves around the positive
nucleus, which is made up of single proton. Since the proton is very massive compared to
the electron, the proton can be assumed stationary as the electron goes around it in a
circular orbit. The radius of this circular orbit is taken to be 5.3 x 10" m, which is the radius

of the hydrogen atom.
Estimate the average electric current along the electron’s orbit.

electriccurrent = ..........ccoiiiiiniannnns A (4]

[Total: 10]
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§ An altemating current varies with time in the way shown in Fig. 5.1.

(@ ()

(i)

(iii)

(iv)

(v}

/A |
10'/\ /\
, _
0 20\/40 60\ tTms
A0 R

Fig. 6.1

By reference to heating effect, explain what is meant by the root-mean-square (r.m.s.)
value of an alternating current.

- [2]
Determine the frequency of the alternating current.
frequency = ... Hz [1]
Determine the peak value of the alternating current.
peak value of current = ............................ Al1]
Determine the root-mean-square value of the alternating current.
root-mean-square value of current = ............................ A[1]

in the space below, sketch a graph to show how the power supplied by this alternating
current to a resistor of resistance 5 Q varies with time. Label values of peak power

[Turn over
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and period on the Y-axis and X-axis respectively.

(2]

(b) (i) BExplain whatis meant by an ideal transformer.

....................................................................................................................

(i} The current shown in Fig. 5.1 is in the 300-tum primary coil of an ideal transformer.
The secondary coil of the transformer has 6000 turns. Calculate the transformer's

peak output current.

peak output current = ... A[2]
[Total: 10]

6 (a) In the space below draw a diagram of the setup used to demonstrate the photoelectric
effect, and use it to explain how the photoelectric effect provides evidence for the particulate
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nature of electromagnetic radiation.

...........................................................................................................................
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................

{b) State, with a reason, what modifications to the apparatus in the setup in{a) would be
required, separately, to increase

(i) the energy of a photoelectron,

....................................................................................................................
....................................................................................................................

................................................................................................................. [1]
(ii} the rate of production of photoelectrons.
(c) Describe and expiain an experiment that gave rise to a model for the wave nature of light.
[Turn over
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....................................................................... et et es s eneeneenes 13]
[Total: 10]
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7 The National Electrical Code (NEC), is an adoptable standard for the safe installation of electrical
wiring and equipment in some countries. It is part of the National Fire Codes series published by
the National Fire Protection Association (NFPA), a private trade association. Despite the use of
the term "national”, it is not a federal law. It is typically adopted by states and municipalities in an
affort to standardize their enforcement of safe electrical practices. In some cases, the NEC Is
amended, altered and may even be rejected in lieu of regional regulations as voted on by local
governing bodies. The “authority having jurisdiction” inspects for compliance with these minimum
standards.

A type of wireused for interior wiring of houses, hotels, office buildings, and industrial plants, is
referred to as wire “A”. Wire "A’is permitted to carry no more than a specified maximum amount
of current. The “wire gauge” is a standard method used to describe the diameter of wires.

" Table 7.1 shows the diameter d and resistance R of a constant length L of the wire for various
wire gauges. The constant length L for this set of data is 1.00 m.

Table. 7.1
Wire Gauge d/mm R/ mQ
14 0.27 19.0
12 0.32 13.9
10 0.38 9.70
8 0.48 6.60
6 0.56 4.40
5 0.81 1.68

lmaxdS the maximum amount of current that can flow in wire “A"of 1.00 m before it overheats. The
graph of | 2gainst the diameter of the gauge d is plotted in Fig. 7.1 below.

90’

8D

70

60)

50}

Imax / A

40}

30’

20

)
)

10

0
0.10 0.20 0.300.400.500.60 0.70 0.80 0.90 1.00

Wit Wikat WVnly eI W W Wit VW Wi vy

d/mm

Fig. 7.1
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A student, who is investigating how the resistance of wire “A” depends on the diameter of the
wire, believes that resistance R of wire "A”is related to diameter d by the following equation:

R =kd"
where k and n are constants.

The student uses Table. 7.1 to compute the data in Table 7.2 so that he can test his hypothesis.

Table. 7.2
In (d / mm) Ig (R/mQ)
-0.57 1.28
-0.49 1.14
-0.42 0.987
-0.33 0.820
-0.25 0.643
-0.041 0.225

The student then plots the variation of Ig (d / mm) with Ig (R / m) on a graph. The graph is
shown in Fig. 7.2

ig(R/ =~
1.4

1.2

1.0

0.8

0.6

0.4

-0.6 0.5 -0.4 -0.3 0.2 -0.1 0.0
Ig (d / mm)

Fig. 7.2

[Tv 10ver
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(a) () Use Table 7.1 to suggest qualitatively the relationship between diameter d and
resistance R.

................................................................................................................. (1]
(i) Explain why the graph of Fig. 7.2 supports the student's hypothesis.
................................................................................................................. (2]
(b) (i) Plotthe point for d = 0.46 mm on Fig. 7.2. [1]
(i) Complete Fig. 7.2 by drawing the line of best fit. [11
(i) Determine the value of n from your line.
D e [2]
{(c) Use Fig. 7.2 to find the resistance R of wire "A” with diameter .73 mm.
RZ et Q13
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(d) If k = 4pL / =, determine the value of p, where L is the length of the wire. Include an
appropriate unit forp.

(e) A boiler, with resistance of 6.0 k(2 and rated at 5.4 MW is to be connected to two wire “A”s
of length 1.00 m each as shown in Fig. 7.3 below.

. wire “A"
’I

’
rd

Input voltage boiler

O O

~
(S

Fig. 7.3 Tl wire “A?

(i} Determine the thinnest permissible wire that ¢an be used with the boiler. Choose a
suitable gauge from Table 7.1 and explain your choice.

....................................................................................................................

[Turn over
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(i) Suggest a reason why a manufacturer would use the thinnest possible wire.

(i) State and explain an advantage of using & thicker wire for this boiler.

....................................................................................................................

(iv) Calculate the potential difference across each of the 1.00 m wiresfor the gauge
selected in (e)(§).

potential difference = .................cconn Vv [2]
[Total: 22]
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Data
speed of light in free space

permeabiity of free space

permittivity of free space

elementary charge
the Planck constant
unified atomic mass constant

rest mass of electron

rest mass of proton
molar gas constant

the Avogadro constant
the Boltzmann constant
gravitational constant

acceleration of free fall

£=300x 10°ms™
#y = 4nx 107 Hm™
g, = 8,85 x 107*Fm”
(1/(367)) x 10°Fm™
e =1.60x10"C
h=663x10%Js

u=1.66 x40 kg

me = 9.11 x 10°%"kg

mp = 1.67 x 10%kg
R = 8.31JK mol™
Na = 6.02 x 10Zmot™
k=138 x 102 4K
G = 6.67 x 107" "Nm?kg 2

g =981ms™®
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Formulae

uniformly accelerated motion

work done on/by a gas

hydrostatic pressure

gravitational potential

temperature
pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

sleciric current
resistors in series

resistors in parallel

electric potential

alternating current/voltage

magnetic flux density dus 1o a long straight wire

magnestic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay

decay constant

2
s=ut+%at
vi=uy”+ 2as

. W=pAV
p=pgh
¢=—Gmir

TK=TI"C + 273.15

X =XgShnef

v = Vpo0sot
=@ x2-x*

I=Anvy

R=Ry+Ra+...

VR=YR +1/R:+ ...
Q
47‘50"

V=

X =Xpsinmt

_ &l
8 2ad

NI
B =
2r

B =[10ﬂI
X =XoexXp(—it)

in2
A=

F3
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Section A
Answer all the guestions in the spaces provided.

1 {a)} Fig. 1.1 shows the velocity-time graph of a small particle as it passes a point O.
velocity / ms™

A B € D EF

(i) Describe qualitatively what happens in sections E and F of the journey.

......................................................................................................... 2]
(i) Without doing any calculation, sketch the shape of the corresponding
displacement-time graph in Fig. 1.2.
displacement
A B C D EF
10 20 30 40 5 60 70
time/s
Fig. 1.2 [3]

(b) The small particle is placed at height # on a frictionless 30°ramp, as shown in

More papers at www.testpapersfree.com
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Fig. 1.3. When released at point A, the block slides down the ramp to point B and then
falls 1 m to the floor. it lands in the small hole C which is located 1 m from the end of the
ramp.

A
h ™
30" B
10m
C
| "
- —p
1.0m
Fig. 1.3

(i) Show that the velocity at B is 3.9 ms™.

(3]
(i} Atwhat height h should the small particle be released in order to land in the hole G?

[Total: 10]

[Turn over
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2 Data for the Earth and the Moon are given below:

Radius of Earth -37
Radius of Moon

Mass of Earth -
Mass of Moon

81

Separation of the Moon from Earth is 3.84 x 10® m and the gravitational field strength due to
Earth at its surface is 9.8 N kg™

(a) Calculate the gravitational field strength due to the Moon at its surface.

gravitational field strength = ...................... Nkg' [3

(b} There is a point on the line between the Earth and the Moon at which their combined
gravitational fleid strength is zero.

Calculate the distance between this point and the centre of the Earth.

distance = ... m
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(c} The Moon orbits around the Earth with a period of 27.3 days.

(i) Calculate the angular speed of the Moon.

angular speed= ................... rads™® [1]

(li) Calculate the mass of the Earth.

(iif) Determine the gravitational force between the Earth and the Moon.

gravitational foree = .........ccocoiiiiiii e, N [2]

(iv} The force calculated in (c)(ili) is very large. Suggest why this force has negiigible
effect on the motion of the Earth.

................................................................................................................

................................................................................................................

[2]
[Total: 12}

[Turn over
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3 (a) Explain the meaning of the following terms as applied to waves. You may include labelled
diagrams as part of your explanation.

(i) polarisation

{(ii) constructive interference

(b) Two polarising disks whose planes are parallel are centered on a common axis. The
direction of the polarising axis in each case relative to the common vertical direction are
as shown in Fig. 3.1. A plane polarised beam of light parallel to the vertical reference
direction is incident from the left on the first disk with an intensity of 7.

Calculate the transmitted intensity Jr when 8, = 20.0° and 8; = 40.0°. Leave your answer
in terms off..

L= [2]

More papers at www.testpapersfree.com
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(c) Point source P, consisting of light with wavelength 630 nm, passes through a namrow slit
and is incident on a screen at a distance of 2.4 m from the slit. Fig. 3.2 below shows the
variation of intensity Jof the light on the screen with distance x along the screen.

14
¥ 1
1
1
1
J
- K x/mm
-10 -5 a 5 10
Fig. 3.2
() Use Fig. 3.2 to determine the width of the slit.
width= ... mm  [2]

{Il) State the effect on the pattern on the screen if the width of the single slit is reduced.

...............................................................................................................

[Total: 10]
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(a) A wire has a diameter of 1.10 mm and is 98 m long.

The resistivity of copperis 1.1 x 10 Q m.

(i) Calculate the resistance of this wire.
resistance = ........cccoveivievennnnn. 0 1]
{ii) When the wire hangs vertically, suspended from one end, it stretches

slightly under its own weight.

State and explain what happens to the resistance of the wire.

...............................................................................................

............................................................................................... [1]
{b) The wire in (a) is shortened and 1% of its total length is used to form
wire PQ.
(i Wire PQ is then connected to a cell of emf £, and internal
resistance rin series with variable resistor R as shown in Fig. 4.1.
H b’} “
By R
' Hlm [ @ .
t-—n'@."—-;-!-:
pl a
Fig. 4.1
Express the potential difference per unit length of PQ in terms of E, r
and R.
{3l
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{ii) Fig. 4.2 shows a potentiometer circuit that can be used to determine
the internal resistancer of cell E,. A standard cell of e.mf Eof
negligible internal resistance is used in the branch circuit.
E;andE;have em.f. of 12.0 V and 1.5 V respectively. When the
resistance of the variable resistor is 1.0 Q, the balanced length is

--l | ..j >

Fig. 4.2

1. Calculate the value of internal resistance, r.
S s Q [3]
2 The resistance of the variable resistor R is now increased.

Suggest why the resistance R cannot be higher than a
particular value if the potentiometer in Fig. 4.2 is to be able to
determine the value of internal resistance r.

...................................................................................

[Total: 10]

[Turn over
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A magnetic sail or magsail was proposed by Zubrin in 1991 to launch a
spacecraft into space. A loop of cable is attached to the spacecraft, generating
magnetic field. Fig. 5.1 shows a simplified diagram of a magsail, consisting of a
circular loop of cable carrying a current 7. The spacecraft is propelled by
deflecting solar winds which consists of charged particles.

~ g;able

I Wi
spacecraft
Fig. 5.1
(a) Explain how the magsail gets its propulsion from the deflection of the

charged particles of solar winds.

{b} Suggest why the magsail cannot be propefied by photons.

{c) In Fig. 5.2, a magsail carrying a current/ of 3.0 kA catches a solar wind
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consisting protons of kinetic energy 500 keV. The direction of the solar
wind is along the plane of the page. The cable forms a circular shape
with diameter 128 m.

cable

puim. igjos

Fig. 5.2
)] By considering only the magnetic field within the coil, draw the
direction of the force experienced by the magsail and label it Fin  [1]
Fig5.2.

(ii) Calculate the speed of the protons.

1

speed of theprotons=.....................ms" [2]

(lii) Determine the magnetic flux density at the centre of the coil.

magnetic flux density = ................... T [2]

(iv)  Hence, calculate the force experienced by a proton passing
through the centre of the coil.

force=..........c.......... N [2]

[Total: 10]
Fig. 6.1 shows a magnetic field of flux density 50010® T passing through a

[Turn over
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short-circuited coil of wire at an angle of 60° to the plane of the horizontal non-magnetic
table on which the coil rests. The coil has 400 turns and an area of25 cm?,

1 direction of turn
\ \ 50x10° T
Fig. 6.1
{a) Calculate the magnetic flux linkage through the coil of wire at the above-
mentioned position.
fluxlinkage = ........ccooveeeiiiinenn. Whb-turns  [2]

{(b) After an initial push, the coil rotates by 180° about the axis XY in the direction
shown in Fig. 6.1 in a duration of 2.5 s. Calculate

{i) the change in magnetic flux linkage of the coil,
change in fluxlinkage = ................c.ccceeee Wh-turns - [1]
(i) the average e.m.f. induced.
emf = ., vV 2]
{c) On Fig. 6.1, indicate the direction of the induced current in the coil immediately
as it is being turned from the position shown. _ [1
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(d} Explain why the coil slows down and stops after it turns over by 180°. State
the energy changes that take place.

........................................................................................................ [2]
[Total: 8]

~ [Turn over
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Section B
Answer one guestion from this Section in the spaces provided.

7 (a} State the conditions for a body to remain in static equilibrium.

...........................................................................................................................

........................................................................................................................... 2]
(b) A uniform rod of length L and weight 120 N is supported by two springs as shown in
Fig. 7.1. A 400 N weight is suspended one quarter way from the lefi end.
E
Ti 7 144°
¥
L
“+ (3251 we 075 —»
400 N
Fig. 7.1
Determine the tensions T, and T, that are exerted on the springs.
T1 S i irmmrresisisan e N
L PR n M
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{c) Distinguish between frequency and angular frequency for a body undergoing simple
harmonic motion.

........................................................................................................................... [21
(d) A block of massmwhich is 38 g is attached to two identical stretched springs, as shown in
Fig. 7.2. Assume that no resistive forces act on the system.
fixed
block of mass m support
springa
Fig. 7.2
(i} Both springs obey Hooke's Law and each has a spring constant k. The blockis
displaced a horizontal distance x and released.
By considering Newton’s Laws, show that the initial acceleration a of the mass
m is given by
2kx
a _ o —
m
[2]
()] The mass oscillates with simple harmonic motion of frequency 3.2 Hz and
amplitude 2.8 cm. '
Determine the total energy of the oscillation.
total energy = ..o mJ [2]
[Turn over
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(iii) At a particular instant, the kinetic energy of the mass is equal to the elastic
potential energy of the springs. Calculate the distance from the equilibrium
position at which this occurs.

distance = ............cooeien m [3]
{iv) On Fig. 7.3, use your answers in (d){il) and (d){iii} to sketch the variation with
displacement x of
1. the total energy of the oscillation (label this graph T), [1]
2. the kinetic energy of the mass (label this graph K), 1]
3. the elastic potential energy of the springs (label this graph P). 1
ene:gyl mdJ
% 2
—53 J—2 —1=:0-: 1 ==22)(,::-,”13
Fig. 7.3

(e) The system in Fig. 7.2 is now rearranged such that mass m osciltates vertically on only
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19

one of the springs, as shown in Fig. 7.4.

| ]

Fig. 7.4

By considering energy changes of the vertical spring-mass system, suggest and explain
how the graphs in Fig. 7.3 would differ.

[Total: 20]

[Turn over
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B (a) State the principle of conservation of momentum.

...................................................................................................................

.................................................................................................................. M
(b} In a collision between a neutron and a uranium nucleus, the force that the neutron
exerts on the uranium nucleus varies with time as shown in Fig. 8.1.
force 5
force that neutron exerts
on uranium nucleus
time
Fig. 8.1
{i) Sketch on Fig. 8.1, a graph of the force that the uranium nucleus exerts
on the neutron. [1]
(ii) Explain how your answer to (b)(i) is consistent with (a).
.................................................................................................. 21
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In 1914, James Chadwick showed that the energies of the beta particles emitted for
a radioactive source had a distribution of energies rather than with a distinct single
value of energy.

Figure 8.2 shows the energy spectrum for beta particles emitted during the decay of
Bismuth-210 (%33Bi). The intensity (vertical axis) indicates the number of beta
particles emitted with each particular kinetic energy (horizontal axis).

Energy spectrum of beta
particles emitted from
Bismuth-210

Intensity

] 1 1
0 D.2 0.4 0.6 0.8 10 12
kinetic energy, MeV

Fig. 8.2

{H 1. From Fig.8.2, determine @, the maximum possible energy of the beta
particle emitted.

2. Hence calculate the maximum speed of the beta particle.

MaXiMUM SPeed =...............oeeevernnn, ms' [1]

[Turn over
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3. A Bismuth?3Bi nuclide, decays into Polonium (chemical symbol: Po),
emitting a beta particle with the maximum possible energy in the
process.

Using your answer in {c)(i}1., determine the mass of the resultant
Polonium nucleus, in terms of u, and express your answer to 3 decimal

places. (mass of a zggBi nucleus is 209.938 u; mass of proton m, is
1.00729 u, mass of neutron m, is 1.00867 u).

[3]

mass=........cccceeeeeiel U

(ii) From Fig. 8.2, identify the most probable energy for the beta particle.
most probable energy value = ..................... MeV [1]

(i) The continuous spectrum of kinetic energy values of the emitted beta particles
presented a problem to physicists up to 1930s. If a stationary nucleus
decayed into a beta particle and a stable daughter nucleus only, it should lead
to a distinct single value of energy for the emitted beta particle.

Explain, using conservation of linear momentum and energy, how the
continuous spectrum of beta particle energies gave rise to this problem.

........................................................................................................
.......................................................................................................
.......................................................................................................

.......................................................................................................
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{d) Radioactive isotopes are often infroduced into the body through the bloodstream.
Their spread through the body can then be monitored by detecting the appearance
of radiation in different organs. lodine-131 (**']), a beta emitter with a half-life of
8.04 days, is one such tracer. Suppose a scientist introduces a sample of ™' with
an activity of 375 Bq into the body and watches it spread to the organs.

(i) Define decay constant.

........................................................................................................

........................................................................................................ (]
(i)  Assuming that all of the ™'l atoms in the sample went to the thyroid gland,
calculate the decay rate in the thyroid 2.5 weeks later. Assume that none of
the "1 is eliminated by the body through physiological means.
decayrate=.......................... Bg [3]
() Calculate the mass of'*'Irequired to produce an activity of 375 Bq,
MESS = i ceeeee eeeenia kg [3]
[Total: 20]
[Turn over
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2

In this experiment, you will investigate an electrical circuit that involves a wire attached to a
metre rule.

(a)y (0 Measure and record the diameterd of the wire.

(i)  Calculate the cross sectional area Aof the wire.

(iii)  Estimate the percentage uncertainty for the cross sectional area Aof the wire.

percentage uncertainty of A= ... [2]

{b) (i) Assemble the circuit shown in Fig. 1.1. ResistarX s or vaiue 10 Q. .

A, B and C are crocodlle clilps, ConnectCto the screw on the waoaden strip.

| Il—\—t?—-

\g’@} - ®——<.
wire
B '// wooden strip
A
1 /,//'“’“

-

——

sCrew

Fig. 1.1
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{ii) Connect A to the wire at a distance p of approximately 20 cm from the screw,
as shown in Fig. 1.2.

}III—-\—[:;(_'_’J—
e I

X
e )
O——®

=~

punlieey

¥ ]
1o (e

g~

L
L

Fig. 1.2

(iii} Close the switch,

(iv) Connect B on the other side of the screw so that the two voltmeter readings
have the same value V.

The distance between the screw and B is g, as shown in Fig. 1.2.Measure and
record the voltmeter reading V and the distances p and g.

Voo i
P e,
§= e e,
[2]
{(v)  Open the switch.
[Turn over
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(c) Vary p and repeat (b)(ii}to (b}{(v). Keep distancep to be above 10 cm.

[3]
{d) pand q are related by the expression
p=aq + bpq
where a and b are constants.
Plot a suitable graph to determine the values of a and b.
B e
D= i
€]
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{e) Theory suggests that

fol
constantb=——
AX
whereA is cross sectional areaand pis resistivity of the constantan wire respectively.
The resistivity of constantan is known to ba 4.9 x 107Qm.

Determine whether the suggestion is possible. Justify your conclusion by referring to
your value in a(iii).

.............................................................................................................................

{ii)  Suggest an improvement that could be made to the experiment to address the
error identified in (A{f). You may suggest the use of other apparatus or a
different procedure.

.............................................................................................................................

[Total: 21]
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In this experiment, you will investigate the motion of a mass and a spring.
(a) You are provided with a spring.

{i) Measure and record the diameter d of the coiled section of the spring as
shown inFig. 2.1. Record the number N of turns in the coiled section.

(iii)  The length of the unstretched spring is S, as shown in Fig. 2.1.

Measure and record S.

[Turn over
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(b) (i) Set up the apparatus as shown in Fig. 2.2 with the mass suspended from the
springand secured with Blu-Tack.

b°55’7|£l" —— bolt

stand—

one vertical
oscillation

| ]
S T 7 7Rl PR R LS L L L Ll L L LELLL LSS L LIS EL TS s -
bench
Fig. 2.2

(i)  Pull the mass down approximately 2 cm and release it.One vertical oscillation
is shown in Fig. 2.2.

Measure and record the time t for themass to make 10 vertical oscillations.

(C} (I) Lower the bgolt until the bortom of the statlonary mass is approximately 6 cm

abovethe bench, as shown In Flg. 23

boit

mass

écm {(approximately)

| ]
7////6’//1;1//////////////////////////////////////////z
enc

Fig. 2.3
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(i)

9

Pull the mass down until it touches the bench.

Release the mass and watch the loop on the bolt, looking to see if the loop
risesabove the boit producing a gap at the top of the first oscillation as shown
in

Fig. 2.4,

gap betwsen loop and bolt

bolt

loop

[ ]
H
Fig. 2.4

Keep raising the bolt and repeating (c)(ii) until the loop just rises above the
bolt at thetop of the first oscillation.

With the mass stationary, measure and record the distance D from the bottomn
ofthe mass to the bench.

(d) Estimate the percentage uncertainty in your value of D.

(e)

percentage uncertainty = .......................... 1

It is suggested that the relationship between D, f, and L is

D= KkPL

where K is a constant.

Calculate k.

Give your value of k to an appropriate number of significant figures.

[Turn over
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The behavior of the oscillating system depends on the properties of the spring and
mass. It is suggested that the timet is proportional to the number n of springs joined
in a series, i.e. end—to-end configuration.

i Explain how you would investigate this relationship using the same apparatus.

Your account should include
e your experimental procedure

= control of variables
« how you would use your results to show proportionality
 why you might not have enough results to reach a valid conclusion.

.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................

..............................................................................................................................

(i)  Suggest a change to the spring that will improve your procedure in (f)(i).
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[Total: 13]

3 |n this experiment, you will investigate how the rise of temperature of a8 vessel of water Is

related to the mass of boilihg water added to it,

{a) On the inside ofa styrofoamcup about half-way up, there is a line drawn.

Make two further marks on the inside of this cup, equally spaced between the drawn
line and a point near the top of the styrofoamcup.

th

(i)

(i)

(iv)

W)

Collsl:r. some vater atroom temperature In the Styrofoamcup up to the bottom

lina, Measure and record the tem paratureToof‘this warer,

Using the other Styrofoamecup, conect some boiting water ana pOUF this into the
first styrofoamcup, until the water level reaches one of your drawn marks.

Measure and record the highest temperature T,of the water in the cup.

Calculate and record the rise in temperature R and the massM of boiling water
added to the cup.

[Turn over
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(vi) Estimate the percentage uncertainties in your values of Rand M.

percentage uncertainty of R= ..........cooeini

percentage uncertainty of M= ...

[1]
(b) Pour away the water in the cup.
Repeat steps afi)to (a){v}to get another set of data forRand M.
R= i
M=
(11
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(C) |ti5 suggested that

-—X+ Y
M

x
[ =

wharex andYara constants, and \{15 equal tothe mass of watsr in (a)(ii).

X

(l) Use your values from a(i) to a[v) and(b) to calculate for value ofy.
lea your value Of?\:c an appropriate number af significant figures. includa an

appropriate unit,

(i)  State whether the results of your experiment support the suggested
relationship in (c).

Justify your conclusion by referring to your values in (a){ii) and (a){vi).

............................................................................................................................

(iii}  State and explain why it would be a better practice to use a graphical method

X
using more data points to determine the vaiue of —

v

.............................................................................................................................
.............................................................................................................................

[Total: 9]

[Turn over
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14

When a light source is positioned behind sgrating, bright spots can be observed if a screen

is placed at a suitable position in front ef the grating.

ﬂs the angle between the perpendicular line from micdle of tha grating to the middle bright
spot ©n the screan and the line from middle of the grating to the third bright spet from the

migate. The retationship betwean angie & NumMber of lines per cm of the gratingh, and
frequency fof the light source, is

sin @ =3k N%f°
wherea, b and k are constants.

Design an experiment to determine the values of 2 and b.

You are provided with laser pointers of different frequencies, and also gratings of different
N values.

Draw a diagram to show the arrangement of your apparatus. Pay particular attention to:

(a) the equipment you wauld use

(b) the procedure to be followad

(c) how you wauld produce a set of obvicus bright spots
(d) thea cantral of variables

(e) any preceautions that should be taken to impreve accuracy and safety of the

axperimant,
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Diagram
[Turn over
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[Total: 12]
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Instructions for Lab

Question 1

Apparatus requirements (per set of apparatus unless otherwise specified)

Wooden strip of tengzn 80.0 cm, with aporoximate cross-section 2 em X 1 em. See Note 1.
One woodscrew of approximate langth 2 cm. Ses Nota 1.

105 cm length of resistance wire. The wire should have a resistance of approximately 20 Q m=7.

Sew Nota 1.

3 V d.c. pewer slupply (e.g. two 15 V cel\s).

Switch.
Eleven conngcting leads.,

Thrae crocodile clips, suitable for connecting to leads, Sea Note 2

Two voltm aters, each with 1 A and reading to
OO‘I V. Muitimeters setto this range aresuitable provided the range switch is fixed and any unused

terminals are covered.

ireslstor with resistance 10 Q W'th powaear rating 05 W (e.g. RS Co mponents producstcade 132-

012] It should be fitted with termlnals to enabis connection to 'eads, and covered with tabel X

{X fcr100hms)

Matra Fule with 8 millimetre scale,

Notes

1 Scraw the waodscrew Into the waoden strlp half*way along s |ength.Wr‘ap the middie aofthe
resistance wire tightly around the woodscrew.Wrap the ends of the resistance wire over the ands of

the wooden strip, and secure them withtape, as shawn In F!g. 11

3 e e - : } :i.‘zcm

/ /

tape wire woodscrew wooden strip

Fig. 1.1

2Jaws of the ¢rocadile clips should be cleaned sothatthey make gocd electrical contact with wire.

Information required by Examiners

Reslstanca per mewre of the rasistance wlPe.Sa mpiag set of numerical results,
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Instructions for Lab
Question 2

Apparatus requirements (per set of apparatus unless otherwise specified)

Expendable spring with approximate autside diametar 15 mm, approximate colled length 20 mm

and approximate spring constant 25 N m_1{e.g. Phllip Harris productcocde BSG87194).

M‘IO bolt of lerngth at least 8 cm.

Stopwa:ch reading to 0.1 s or vemer.

One Retort Stana.

Boss suitable for clamping the boit horizontally to the stand.

1 g of Biu-Tack.

Mass hanger and masses with a total mass of 300 g. See Note 1

Half'me\:re rule (ur maeatre ruie) with & millimewe scale.

1S|otr.ed masseas should be taped Securely to the mass hanger.

ZThe apparatus should be laid out on the Bench. Iflt s to ba used by anothar candidate, then it

shou!d be restered to Its original state.

information required by Examiners

Samp!e set of numerical results.
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Instructions for Lab

Question 3
Apparatus requirements (per set of apparatus unless otherwise specified)

One styrafeam cup with & line drawn using a pen, at half*way up &n inside ofthe cup
One styroforam cup
Hot water at 98 degree

Weigh]ng balance

Cottun glaves

Information required by Examiners

Sample set of numerical results,
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H2 PHYSICS
Paper 1 Multiple choices

2019Preliminary Exams

Pre-University 3

9749/01

1 c 11 A 21 B
2 c 12 © 22 ©C9
3 D 13 B 23 A
4 c 14 A 24 C
5 c 15 D 25 D
6 A 16 D 26 A
7 c 17 A 27 B
8 A 18 C 22 D
9 c 19 D 23 D
1 B 2 D 3 B

ANS: C

Typical weight of an adult’s head is 4.5 to 5.0 kg

Model the head as a sphere of radius ~ 10 cm

Comparing weight of this Volume x denisity of water = 4.1 kg,

density of head must be bigger than density of water =>closest and siightly higher
estimate is 5 kg

ANS: C
Graph of s = ut + % at’with constant a

With zero gradientatt=0

ANS: D

With use of a FBD, {o see that
on the way up, Nst retarding force = my + Drag

on the way down, Net accelerating force = mg - Drag

50 takes long time to move down back to same vertically level

ANS: C

Initial momentum = 1 mv downwards

If elastic , change in p = 2 mv upwards

if Inelastic, change in p must be more than 1 mv, but less than 2 mv.

Only C = 1.26mv is a possible answer
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13

14

15

Answer: C

C Is incorrect because to keep moving in a straight line in path C, the spacecraft
needs additional force with a radial component to act against pull of Earth’s gravity.

This force needs to be adjusted in a way so as to be always equal and opposite to
Earth’s pull, such that it counteracts the radial acceleration.

Path B would not need any force from rocket if the gravitational force acting on
spacecraft is just sufficient fo provide the centripetal force to maintain the circular
motion.

Paths A and D are paths of free fall when rockeis are switched oif; D on the way up, A
on the way down.

Answer: B

Absoclute zero = 0 Kor - 273.15 °C

it is the temperature at which no more heat can be removed from a system.

Also It is the temperature at which the particles in a substance becomes motionless.

it is the theorotical temperature limitand has not been achieved as yet.

Answer: A

Mean K.E. of molecules depends on the absolutetemperature.

Answer: D

An oscillating system will have the same frequency as that of the periodic force
applied to it. Thus the system will have a frequency of 2.50 Hz after being subjected
to the force, and period

T=1/25=040s

S0015s=0375T
v = 1.5(2n/0.4) cos (2n/T {0.3757))
=18.7cms’

Ast=0.15 s is less than half a period, the mass would still be moving upwards.

16

17

18

19

Ans: D

Fedix®

lofle = (172 =%

loflp = (Aa/ Ap ) = (8/ As® ) = 1/4
Ap=12.0 pm

Ans: A
Zaro intensity => node detectad

At distance 0.34 m => 2™ Harmonics Standing Waves for a Node to fit,
=> 0,34 m = % wavelength, Wavelength=1.36m
Initial freq f = 340/1.36 = 250 Hz

The next higher frequency to have a Node at 0.34 m is when
0.34 m = % wavelength , Wavelength' = 4/3 (0.34) = 0.45333 m
New freq f = 340/0.45333 = 750 Hz

Ans: C
blue light from the sand has smaller Wavelength.

By &=A /b, and by small angle approximation,

Range proportional to b/A, so smaller wavelength, larger Range

ANS: D

E=Q/f4me,r?

Distance from midpoint to each charge i80.50 m
Electric field strength due to one point charge,

E= Q/4meor? = (2.0010°% / 417(8.85 x 1012 )(0.50)°
E=7.19%10"Vm"*

Electric field due to both charges is double thevaiue above because the charges are
unlike.E = 1.4 x 10° Vm
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29 ANS: D

The inference from most a- particles passed through the foil undeflacted is that the
diameter of the nucleus is much less than the diameter of the atom,

3 ANS: B
A - micro wave Is non-ionising radiation
C —particle bombardment is also ionising radiation

D - radialtonsickeness can be caused by sources whether natural or man-made.
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2019 Prelim H2 Physics

Paper 2 Solution
1{a) Area = 280 x 730 = 64400 mm”* M1
A4 - AL + aw
A L W
44 1 + 2
A 280 ' 100 M1
={.0236
AA =0.0236X 63400 = 2000 mm*
A = 5400042000 mm’ Al
1(b) Accuracy refers to the closeness between the measured value 6.4 x 10* and the
accepted or true vaius 8.00 x 10, As percentage differance of E-“g.fx
200%=19.5% is big, the measurement is not accurate. *Will not penafize students if | 3%
percentage difference is not calculated.
Precision refers to the degree of scattering among repeated measurements.As the Bl
maximum percentage uncertalnty of cyee x 100%3.1% Is smal, the measurement is
pracise. *Will not penolize students If percentage difference is not calculated.
2a)i) Work is done when a force moves its point of application in the direction of the force. | B1
2{a)(l) | The mess m is moved without acceleration up a helght h, and magnitude of the F=mg | M2
Since Ep = work done by Force F
= force x distance moved cos @ M1
=mgxhces0* M1
= :.umv
2{b)i} Power =60x55%9.81%32 /60 M1
=17300W Al
2{b){i}1. | Power = 1.5 x 20" x 32/ {60 sin 45°} M1
=11300W Al
2(b}{i}2- | Power input = {17300 + 11300) x {100/70) M1
= 40900 W Al
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Bla)

Sfa)) The root-mean-square value of a B1
steady direct current that will dissipate heat at the same average rate as the Bl
alternating current, in a given resistor,

s{a)iiy | Frequency=1/ (40 x 10"}

=25 Hz Al
S{a)iit) | Peakvalue=10A Al
S{a){v} | Reot-mean-square value of current = 10 / v[2)
=707A Al
5(a)lv} A
power/W
: 500
>
o 40 time/ ms
Both axes are labeiled sufficlentiy Al
Shape of graph is correct Al

S{byi) An ideal transfarmer Is a device that steps up or steps down the voltage of an Bl
alternating supply without power loss.

S(b)(ii) | Mp/Ns =Is/ip
300/6000 = Is/10 Mi
Is=0.5 A Al

B1
-
1
]
1
|
l._r—l
Photoelectric effect refers to the phenomenon that when some metal surfaces are Bl
ilumi d by light, electrons are emitted.
When the metal surface is illuminated with light even at a very low intensity, the flow | g1
of current in the ammeter indicates that photoelectrons are emitted almost
instantanecusly, as long as Hght is above a threshold frequency.
This led to the idea that fight exists as particle-dike photons, each having a quantum of | g1
energy which can be absorbed by a an electron In the metal surface, releasing the
electran to move towards the electrade.
6(b){i) The energy of a photoelectron can be increase by using radiation with higher Bl
frequency. This Is because each electron only absorbs energy from one photon.
6{b){ii} | The rate of production of photoelectrons can be increased by increasi B1
of the radiation.
This is because it is praportional to the rate of photons arriving at the metal which is Bl
inturn proportional to the intensity of the radiation.
6(c) The diffraction of light demonstrates the wave nature of electromagnetic radiation, Bl
which Is inconsistent with the evidence shown by the photoelectric effect.
Diffraction is the 81
giving ralse to a wider image on the screen than the aperture.
Only waves have this property. Particles would only travel in a straight line, thus Bt

resulting in an image the same size as the aperture,

OR ANY OTHER EXPERIMENTS THAT PROVE WAVE NATURE OF LIGHT.
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2019 Prelim Exams Paper 3 Answers

11(a) [} | in Section E, the object undergoes a constant decejeration of 7 m g~ unti
velocity becomes zero at t = 55 s, after which the particle reverses fis direciion | B1
as the valocity changes from positive to negative.
In Section F, the particle travels at a constant velacity of 8 m ™ in the 23]
direction fowards ihe sterling paint.
A_.: dlspiacament
b A ¥
1
i
- LR
mefs
B1
Sactions B, D and ¥ - Linear graphs w“
Sections A and C ~ Increasing dislance at increasing rate
Sactlon £ - increasing distance at decreasing rale, then decreasing distance
{allow ecf from 1(a)(i) for Section E)
®} [0 | Gonsider the projactile motion from B o C:
8y = upt + Hat’
1=ugd+ % (9.81) ¢ 13
1= ugsin 30t + % (9.81} £ —Eqn (1}
5y = Ut
1 = ug cos 30°t . M2
Rearranging, t= — g
Substitute ._..EﬂB.._mao-. (1) . M3
= 2
1= ug{0.8)—— Frid % (9.81) (- s_..u
1=057735+ mﬂm.ww
Solving, Uy = 3.9 ms"!
(H} | Lostin GPE = gain in KE
mgh = % m (Up)* M
h=0.775m Al
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{a) The current in the magsail sefs up a magnetic fleld (which is out of the | B1
page). A charge moving in a magnetic fiald expesriences a force, thus
getting deflected.

By Newton's third law, there is an equal and opposite force by the | B1
deflected charges on the maggail, thus propelling it.

{b) Photons do not have charge. B1

ey |0

i
4
iy [EK=%mv
500 x 10° x 1.60 x 107° = % (1.67 x 107) * ol ]
v=970x10°me" Al
m | g= BT
T
o man~7(1)3000
8= ¢
=20.5uT A1l
(lv) |F=Bqu=205x10"x(1.6X10 )X (9.79 x 109 ]
®462x10™" N Al

a i _pl _ 1ax10 %08
@ ) R=2= e
2z
=1130 Al
(ii} As the wire stretches, its length increases and it cross B1
sectional area decreases. From R = .uﬂ__. R will increase,
(b} (i Rpy =1% X 113 = 1.1312
Vpo = I|:H.m| x E
re .m_..vc +R+r 1 g._
— 113
Yro= Tisemer % B1 C1 for
correct
Vpgper unit length R and
T EL length
- uu__.“mm of PQ
= Tnrrir X B A1
1. Length PJ= 1/3 x0.98 = 0.327 m
Using (b)(i) ans, c
11 c1
—11.- =0.327% HI%MH.—..FWI.TIM.. ® By
=0 wuuxF x12
) 1134+10+r
At balanced length, Va; =E;
115
o.wqugx 12=15 ci
r=0.873 0 Al
2. If the resistance R is too high, the pd across the PQ B1
will be too fow.
If the p.d. across PQ is lower than the e.m.f. of E,, B1

there will be no balance point.
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Deduct 1m for (max 3m):

Any missing labals

K & P not intersecting at 3 mJ (not marking for 2,0 cm)
Any graphs not starting and ending at + 2.8 cm.

i)

For & stationary nucieus decaying into the beta parlicle and
daughter nucleus, the conservation of linear momentum
raquires that g, = - p;.

The sum of kinetic energies will thus cm (p1)12my + (po)72m, = | B1
E, which ht to equal the ene in_the reaction,
s.z_n__ if equal io the increase 5 the total hinding
enargy/decrease in total mass, ought to be constant.

The renge of bela particle energies and thus the supposed | B1
energy releasad E, seem to suggest that the energy released
was not constant, in contradiction lo the principle of
canservation of energy.

(iv) | The existence of another undelected pariicle known as | B1
nautrino.

&) () | The decay constant refers to the probability of decay of a B1
radioactive nueleus in a time of one second.

W [ Using A=Ae ™, ¢
A= 375 »0) e
A=8298Bq A1

(ifi) | A=AN Ct

In2|f M
=——N
h_ bf.%! hw
z
_. (375)(8.04x24x60%50) (131x10°*) ct
(In 2)(6.02x10%)
rB.2%20Y kg Al

(e) In a vertical spring mass system, there is a change in gravitational | 81
potential energy.
At the highest position, EPE will be reduced. 21
or at the equiibrium position, the KE wili ba reduced.
(a) The principle of conservation of momentum states that the total | Bi
momentum of a syatem remains constant if no external resultant force
acts on the system.
{b) 1] forea A1
Foree thet neugron
\/Aﬁi on uranium
< tme
" ™ Force that uranium
exarts op newiron
o]
(ii} | For each curve, the area under the graph is change in B
momentum of each body.
The graphs are mirror images of each other such that the gain
in momenturn of one is equal 1o the loss in momentum of the
other, resulting in total mementum remaining constant. B1
{c) 0 1. [Q=1.2Mev Al
2. [v=VENtam,)
=65 x 10® ms™ Al
3. | m{Po) = m(Bi) —m, — Qic” ]
= [(200.830u) ~(9.11 x10¥1.66 x 107~ c1
(1.2x10%1.60x10™°/c"))(1.86 x 107 ky)
=208.937 u Al
Allow ecf from (c){i)1. for Q value
{ii} | Range of values accepted : .16 - 0.18 MeV Al

8
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Q4

Diagram

Diagram of workable procedure

{All Diagram marks naot awarded if grating Is not shown In between screen and
laser pointer)

Max 2

Diagram showing gratingg in between screen and |aser, with use of retort stand and
clamps to haold them

oy

Diagram showing latetling of screen distance L and spot separation (x) for the 3" spot

02

Variables / Basic Procedures

I\ #1 is frequency f of light sourcs, o be varied using the different lasers provided
IV #2 is number of lines on grating, N, to be varied by using different gratings
DV is 9, to be measured

using a protracior  or

by calculation methods (tan € or Pythagoras on sin 6)

W1

Keeping ane of tha IV constant, vary the other ane and measure for p.
Then, keep the other IV constant now, and vary the first one to measure for 8

Control Variables —
keep Distance L belween the screen and grating constant

Procesures

Maasure for length of L using measuring tape

Measure for distance x between middie bright spot and 3" bright spot using a ruler

M1

Vi1 - fraquency f of light source

Use one of the grating throughout this part of the experiment, to kesp N constant
Use different laser pointers with diff freq bahind the grating

Measure for distance middle bright spot and 3™ bright spot using a riler

Record values of f, L, x in Table A.

IVi#2 - number of lines on prating, N

Use one of the laser throughout this part of the experiment, to keep { constant
Use ditferent gratings with diff N '
Maasura for distance middle bright spot and 3" bright spot using a ruler

recond values of N, 1, x in Table 8.

M3

Anaiysis (ALL detalis are required for the mark)

Calculate tand = x/Lin tables A and B

(or, use Pythagoras )

From Table A, Plot graph of Ig(tand) versus lg(f).
Gradient =b

Y-Intercept = ig{(3kN")

Al

From Table B, Plot graph of log(sing) versus fog(N).
Gradient = 8
Y-Intercept = Ig {3ki")

Steps for Accuracy: max 2

Do preliminary Measuremeants to determine optimum scraen distance L (> 1 m) for spot
separation to be large enough (> a few cm)

Ensured measuring tape for L is stralght, positioned elong mid-point of grating and
perpendicular to screen, fixed by belng taped down to the table surface

SA2

Measurs for 2x betwean 3™ bright spola on elther side, to divide by 2,
to reduce uncertainty in x

Usa of setsquare eic to ensure alignment of grating is perpendicular to screen

Conduct in darkened room to see bright apots clearly

Other credible details

Safety considerations

| Do not direct laser into eyes / aiways stand behind the laser beam

s |

Total: 12
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